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Examples 

As shown in Fig. 2, MOSFET 3 and oxide membrane 2b (0.4 
micron meter thick) for separation of element were formed on 
silicon substrate 1. Circuit layer 4 (0.6 micron meter wide 
and 0.3 micron meter thick), undoped insulating layer 5 (200 
nm thick) , which was formed by CVD method; comprised of 
silicon oxide and was formed on oxide membrane 2b. Flattened 
insulating layer 6 (700 nm thick), which was formed by CVD 
method, comprised of phosphorus and boron-doped silicon oxide 
was formed on insulating layer 5. Photoresist layer 13 having 
contact hole 12a and contact hole 12b was formed on insulating 
layer 6. MOSFET 3 is formed of gate insulating membrane 9 
(0.6 micron meter wide and 0.02 micron meter thick), gate 
electrode 10 (0.4 micron meter thick), side protective 
membrane 11 (0.02 micron meter) for gate electrode, top 
protective membrane 15 (140 nm thick) for gate electrode and 
diffusion layer 8 (1 micron meter wide). Circuit layer 4 was 
covered by top protective membrane, which is composed of 
silicon oxide and which was formed by CVD method, for circuit 
layer and side protective membrane 17 for circuit layer. 
Protective layer 16 has the same etching rate as insulating 
layer 5. Thickness of insulating layer 6 in first contact hole 
12a is 1000 nm. Thickness of insulating layer 6 in second 
contact hole 12b is 300 nm. 

As shown in Fig. 2(b), first etching process was carried 
out after insulating layer was exposed in second contact hole 
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12b. When insulating layer 5 was exposed in first contact hole 
12a, discharge was discontinued. In the first etching 
process, insulating layer 5 was etched by 140 nm in second 
contact hole 12b. Thereafter, etching started under second 
etching conditions. 

As shown in Fig. 2 (c), the second etching process was 
conducted, until diffusion layer 8 and circuit layer 4 were 
exposed in first contact hole 12a and second contact hole 12b, 
respectively. The membrane which was etched by the second 
etching process was insulating layer 5 (200 nm thick) and the 
membrane to be etched by the second etching process was 
insulating layer 5 (200 nm thick) in first contact hole 12a 
and insulating layer (60 nm thick) and protective membrane 16 
(140 nm thick) in second contact hole 12b. Since insulting 
layer 5 and protective membrane 16 are composed of the same 
material, they are etched at the same etching rate under the 
second etching conditions. Therefore, diffusion layer 8 in 
first contact hole 12a and circuit layer 4 was simultaneously 
exposed. In this case, apparent selection rate of flattened 
insulating layer 6/circuit layer 4 becomes infinite, so 
variability of depth of overetching in circuit layer 4 becomes 
minimum. 

As shown in Fig. 2 (d), Al membrane was built up by 
spattering method. The top circuit layer 7 was formed by 
etching . 
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(57) [Abstract] 
[Objective] 

contact hole of plural where depth differs number of steps is 
formedwithout increasing. 

[Constitution] 

On silicon substrate l and metallization layer 4, insulating 
layer 5 and planarization insulating layer 6 of 2 kinds or more 
ratioof etching velocity 5 or greater ago vis-a-vis etching 
which uses etching gas where carbon monoxide is added 
insulating layer 5 where etching velocity is small is formedin 
silicon substrate l and metallization layer 4 side, with first 
etching which uses etching gas where carbon monoxide is 
added, Until insulating layer 5 exposes in first contact hole 
I2a etching is done. 
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After that, until with second etching condition whose ratio of 
etching velocity of insulating layer 5 for diffusion layer 8 and 
metallization layer 4 is high, diffusion layer 8 and 
metallization layer 4 expose in first contact hole 12a and 
second contact hole 12b second etching is done. 
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[Claim(s)] 
[Claim 1] 

semiconductor substrate and through protective insulating 
film on semiconductor substrate, second insulating film and 
first insulating film etching are done making use of etching 
gas which contains stepo carbon monoxide which forms 
etching mask first insulating film and aforementioned first 
insulating film which cover metallization layer which was 
formed as metallization layer which should take stepo 
contact which forms second insulating film where etching 
velocity differs in same etching condition orexcluding 
predetermined domain on second insulating film on 
semiconductor substrate, metallization layer or formation 
methodo of contact hole which possesses step whichforms 
contact hole which reaches to semiconductor substrate 

[Claim 2] 

In same etching condition, formation methodo of contact 
hole which is stated in Claim 1 where etching velocity of first 
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Specification 
[0001] 

[0002] 

[fi£*(Da«f] 

«-r*fc«)<Dlt*Ji*fcf*E«Ji^6«i:*E 

hut&lziH\ O^fiSfc ±tfS»3R 



[0003] 

est* £l]-c$>& 0 

[gl 3 iZ^t^iZ mos S¥*ft-Siti4* *>'J 

izr^Mzm=F^mmtm 2a as*!/ 2b 

9a>*tE 1 0*^ #»B<b« 2a feitf 2b 
i<»fiE*4iTL^ci:L^««(*^a«)lc*fcA<o 

T MOSFET3 t. m^MWtita 2a 

fc^U* 2b ±IC»J«$*lfcE«Jl 4 
MOSFET3 <tEJ&Jf 4 ^S^SSf/l 5 <t. ¥tHb 
%mS 6 <b, MOSFET3 iEJ&Jf 4 i:* SlMcJS 
JTf 4fcA0)±3BESJi 7 £-£LTl^6 0 



MOSFET3 (±.v'j3>*fi 1 0*-T-««(Dnlf 

i:»«itLfcy-na 10 mi 



insulating film is smaller than etching velocity of second 
insulating film 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention regards formation method of contact hole which 
forms contact hole whicharrives in metallization layer or 
semiconductor substrate in insulating film. 

[0002] 

[Prior Art] 

semiconductor integrated circuit equipment has had 
metallization which consists of diffusion layer or 
metallization layer in order to connect transistor or other 
circuit element which was formed on semiconductor substrate 
to the electrical. 

As quantity of circuit element which is accumulated on 
semiconductor substrate increases, it has reduced dimension of 
circuit element and distance between circuit element more and 
more. 

In order to connect circuit element which was formed to this 
kind of high density,semiconductor device which possesses 
multilayer metallization structure is developed. 

[0003] 

You explain concerning formation method of below- 
conventional contact hole. 

Figure 3 is figure which explains formation method of 
conventional contact hole. 

Way it shows in Figure 3, as for MOS type semiconductor 
device, were formed to specified domain of surface of silicon 
substrate 1 and silicon substrate 1 extending over element 
separation oxidized film 2a and 2 b and element separation 
oxidized film 2a of silicon substrate 1 and domain (element 
domain ) where 2 b arenot formed, insulating layer 5 which 
covers MOSFET 3 and were formed on the element 
separation oxidized film 2a and 2 b metallization layer 4 and 
MOSFET 3 and metallization layer 4 which wereformed and, 
It has possessed upper part metallization layer 7 in order to 
connect planarization insulating layer 6 and MOSFET 3 and 
metallization layer 4 mutually. 

MOSFET 3, impurity diffusion layer which was formed to 
specified part of element domain of the silicon substrate 1 (It 
functions as source or drain. ) has had gate oxide film 9 and 
were formed on gate oxide film 9 gate electrode 10 and gate 
electrode side wall protective film 1 1 which were formed on 8 



Page 4 Paterra Instant MT Machine Translation 



JP1994069166A 



1994-3-11 



cvd arc«toTji!a»ia**ifcafcai*(High 

Temperature Oxide;HTO)^b&£££&Jf 5 li. 
(BPSG)fr&fc4¥fifciSI*JB 6 35<tt»S/»Ja> 



MOSFET3 tlBI&Jf 4 i:i±. tfiUff 5 fcitf ¥ 

12a t» 2 n>2^M-N— ;u 12b Sfr 

f&«n 5 tvafcis*jB 6 izm 1 

;u 12a t* 2 n>$2Mx-;u 12b ^^"T^lc 

[0004] 

a#CZ)*a[=«»:oT3lS^ »»»<kK 2a. 2b t. 
MOSFET3 <b. m=f- »»»ftB2b±ICE»Ji 4 



:jf 5 A< MOSFET3 iE&lf 4 £ad<£5fC 

it«*;itLT(4 CVD 5SA<Sl^b*i4o 

£ bdf&IIJl 5 0±IZ^±i 6 A? CVD 



12a 4<»lS*+L4^Sffll*(» 1 3>£>7h 
12a 2 a>££M*— ;u 

urn 12b <frs)±cD^^huvx a«0 



s t^mimmm 6 <dm i asm 2 =3>$$h 

12a. 12b*<x^>y$*ii)o 

[0005] 

HTO ^b#£f6»Ji 5 MOSFET3 kWSM 4 

*«^;£i:LTIi CVD ;£am^b*l£o 
SbCUfcSUB 5 <D±\Z BPSG ^b&-&¥S<b*6 



and element domain. 

high temperature was formed as for insulating layer 5 which 
consists of silicon oxide (High temperature 
oxide;HTO )which, planarization insulating layer 6 which 
consists of silicon oxide (BPSG ) which includes the 
phosphorus, boron or both of large amount touches to 
silicon substrate 1 directly with the CVD method , property of 
silicon substrate I changes is something in order to prevent. 

MOSFET 3 and metallization layer 4, through first contact 
hole 12a and second contact hole 1 2b which wereformed to 
specified part of insulating layer 5 and planarization 
insulating layer 6 it is connected. 

first contact hole 12a and second contact hole 12b are formed 
in insulating layer 5 and planarization insulating layer 6, 
thereis a method of 2 sorts below. 

[0004] 

First you explain concerning first method. 

metallization layer 4 is formed on element separation oxidized 
film 2a, 2b and MOSFET -3 and element separation oxidized 
film 2b with the conventional method . 

It is accumulated on silicon substrate 1 that insulating layer 5 
covers MOSFET 3 and the metallization layer 4. 

It can use CVD method as deposition method. 

Furthermore on insulating layer 5 planarization insulaiing 
layer 6 is formed with CVD method , planarization is done 
with thermal processing . 

photoresist film which functions as etching mask is formed on 
planarization insulating layer 6, the domain which first 
contact hole 12a should form after that in insulatina Iaver 5 
and the planarization insulating layer 6 (It makes first contact 
hole domain 12a. ) with photoresist film on domain (It makes 
second contact hole domain 12b. ) which second contact hole 
12b should form isremoved by conventional photolithography 
method . 

After that, first and second contact hole domain 12a. 1 2b of 
insulating layer 5 and planarization insulating layer 6 etching 
is donewith single etching condition . 

[0005] 

Next you explain concerning second method. 

It is accumulated on silicon substrate 1 that insulating layer 5 
which consists of the HTO covers MOSFET 3 and 
metallization layer 4. 

It can use CVD method as deposition method. 

Furthermore planarization insulating layer 6 which consists of 
BPSG on insulating layer 5 isformed with CVD method , 
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[0007] 
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[0008] 



planarization is done with thermal processing . 

photoresist film on first contact hole domain 12a is removed 
by conventional photolithography method photoresist film 
w hichfunctions as etching mask is formed on planarization 
insulating layer 6, after that in insulating layer 5 and 
planarization insulating layer 6. 

After that, first contact hole domain 1 2a of insulating layer 5 
and planarization insulating layer 6 etching is donewith single 
etching condition . 

After first contact hole 12a was formed, photoresist film in 
order to form first contact hole 12a isexfoliated, photoresist 
film is formed on planarization insulating layer 6 newly in 
order to form second contact hole 12b. 



photoresist film on domain (second contact hole domain ) 
which second contact hole 12b should form in planarization 
insulating layer 6 which covers insulating layer 5 is removed, 
second contact hole domain 12b which penetrates the 
insulating layer 5 and planarization insulating layer 6 with 
single etching condition is - done etching. 

first contact hole 12a and second contact hole 1 2b may form 
whichever first. 

[0006] 

[Problems to be Solved by the Invention] 

But with above-mentioned conventional method, after 
metallization layer 4 exposes with theadvance of etching in 
second contact hole domain 1 2b, until diffusion layer 8 of 
MOSFET 3 exposes in first contact hole domain 12a etching 
is executed. 

Because this first contact hole 12a is deep in comparison with 
second contact hole 12b. 

Because of that exposed part of metallization layer 4 to 
become overetching state, electrical property of contact to 
metallization layer 4 changing, second contact hole 12b 
penetrating metallization layer 4,it has possessed or other 
problem which reaches to element separation oxidized film 2b 
and silicon substrate 1. 

[0007] 

In addition as for second method in order to form first contact 
hole 12a and second contact hole 12b with separate step, 
number of steps increases and/or we have possessed or other 
problem which mask gap is easy to occur, make yield of 
semiconductor device bad. 

[0008] 

objective of this invention being something which solves 
theabove-mentioned conventional problem, in first contact 
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[0009] 

[gg^fS&i-s/ifto^ig] 
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[0010] 
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[0011] 

&fc##gB.8#bli, S 1 CDx-^^>y(Dx^> 
ff^iLT CHF 3 N O: ti&XS- CO $iS#?L, # 

[0012] 
[« 1] 



hole domain without increasing in regard to contact hole 
formation of plural where depth differs, exposes the number 
of steps designates overetching quantity of metallization layer 
or silicon substrate whichand change of electrical property as 
minimum, formation method of contact hole which can form 
first contact hole and second contact hole with the 
photolithography process of least is offered makes objective. 

[0009] 

[Means to Solve the Problems] 

formation method of contact hole of this invention executes 
first etching in order toachieve this objective making use of 
etching gas where carbon monoxide is added in step which 
forms contact hole where depth differs to insulating layer of 
specific first* second bi layer structure which covers 
semiconductor substrate and metallization layer which 
was formed on that, second insulating layer, After surface of 
first insulating layer exposes, it has possessed theconstitution 
which executes second etching semiconductor substrate or 
metallization layer whichbecomes substrate of first insulating 
layer making use of etching condition which etching is 
difficult to be done. 

[0010] 

[Working Principle] 

Because with this constitution, time when semiconductor 
substrate or metallization layer which takes contact is exposed 
to etching atmosphere is short, contact hole the semiconductor 
substrate or metallization layer is penetrated due to 
overetching , it stops being, in addition change of electrical 
property of contact to semiconductor substrate or 
metallization layer decreases, it is possible , can acquire 
thesatisfactory contact. 

[0011] 

Furthermore these inventors selected CHF 3 * O2 and CO as 
etching gas of first etching., acquired etching velocity like 
(Table 1 ) vis-a-vis various insulating layer. 



[0012] 
[Table I] 
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[0013] 

-f fcfr*>, m 2 CD*6*#J!£ BPSG. m I <D*S 
Jf £ HTO £fcfiSfce*(Si,N 4 )lca«-f 

5«2Lfc 0 
[0014] 

[0015] 

(Hi£0« l) 

H l(aMd)fi*J8W<0» 1 (DggifeffllcfcNf £3 

>$2h*-;u<&»/a^a<0xsisai2T*^ 

-So 

H i(aMd)l::fcOTI2 3 iZTjk+'ft&mkffi-W 

*rB l(a)l=**l=i/U a> 1 ±|c, 

fi£*^*fflo^r»/a**Lfc mosfet3 tarn 



[0013] 

BPSG* first insulating layer etching method which is used 
for formation method of contact hole of the this invention it 
selects with can actualize namely, second insulating layer 
verified in HTO or silicon nitride (Si 3 N 4 ). 

[0014] 

[Working Example(s)] 

While referring to drawing, concerning formation method of 
contact hole in the one Working Example of below this 
invention you explain. 

[0015] 

(Working Example 1 ) 

Figure 1 (a ) - as for (d ) it is a step sectional view of 
formation method of contact hole in first Working Example of 
this invention. 

Same symbol on same place as Prior Art Example which is 
shown in the Figure 3 Figure I (a ) - in (d ) attaching, it 
abbreviates explanation. 

First as sh&Jfi in Figure 1 (a ), with condition which 
metallization layer 4 and the impurity of width 0.6 ;mu m film 
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o.4 um (nm+imwtitm 2b ±\zmmntz 

m0.6um m& 0.3 u m (DE1SJB-4 t. ^£S&£ 
K—^Lfcl CVD mz^Xf&m^Xtz 

mm 200nm 0>8«:3Xfi'£>&£|gt»JB 5 

5 o±rc cvd arzckoT»rt**ifc« 

IS 700nm <Dl$5mty/u£F—'JlfMit £X 
<f^^mz^J% 1 zJ>^^h*-;US|iS 12a 
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M0SFET3 14, H 0.6 m RJ9 0.02// m <Z)>f — 

Hfi»K 9 £, mm OA urn coy-hi® 10 

T^(Z)« 0.2 /i m <Z>y— hfflBftBH 11 i\ <§ 

1 0 m coffins 8 cfey««**iri^. 



»J16<7)MJII4 1000nm-C?*y» 2 

12b icfciti^aftttaiB 6 ODjg 

1114 500nm 



5 oBWiStavatE l fc#^xh 

UX£#fltLT 200nm JsITlcKS*hT04o 
fcfcKlTtDKWICfclvC, MOSFET3, tt&ll 

fcv'Ja>»tS 1 £^x/\ 14 irft-f 
[0016] 

l(b)(rs-f £5lc7*KUvXHl 13 A<» 

fi£$*lfc^x/\ 14 £ 3 aa*5t0 RJE gSrt 

14, CHF 3 fc^tf 0 2 2£*f 4 ;I CO 

CHF 3 fc<£l/0 2 0)3iE*l4, «-/T30sccmfccfei; 
1.7sccm "Cfe-So 

*HJfi^J-r?(4 CO <7>3E»I4 30sccm, fflijSSffiS 
[CEPAD-rS E<DJ§;£&I4 13.56MHz.RF/* 
9-(4 250WiLfco 

TS^aicgiai-rsfltE^jassaii 100kHz, 

RF/^9— 14 lOOWtLfco 

ft«l-*y-fflAW*>^b*4ifcx^>y** 
X(4^Xv#^<H&, RIE&SflfC^A^tl 
fc^x/M4tftttL, ^i/M4±<D¥ffi<b*6» 
6 COl^^hUvXhfll 13 ICfifrftTl^l* 



thickness 0.3 ;mu m which was formed on element separation 
oxidized film 2b of MOSFET 3 and film thickness 0.4 ;mu m 
which were formed on silicon substrate 1, making use of prior 
art method doped is not done with CVD method film 
formation insulating layer 5 which consists of silicon oxide of 
film thickness 200 nm which is done and, It consists of silicon 
oxide which boron and phosphorus of film thickness 700 nm 
which was formed on insulating layer 5 with CVD method 
doped is done the planarization insulating layer 6 which 
planarization is done is formed with thermal processing , 
photoresist film 13 which opened window to first contact hole 
domain 12a and second contact hole domain 12b with 
photolithography method is formed on that. 

MOSFET 3, is formed from gate insulating film 9 of width 
0.6 ;mu m film thickness 0.02 ;mu m and gate electrode 10 of 
film thickness 0.4 ;mu m and gate side wall protective film 1 1 
of the width 0.2 ;mu m of lower and diffusion layer 8 of width 
1 ;mu m. 

As for film thickness of planarization insulating layer 6 in 
first contact hole domain 12a with 1000 nm , film thickness of 
planarization insulating layer 6 in second contact hole domain 
12b is 500 nm. 

film thickness of insulating layer 5 considering stress which is 
given to the silicon substrate I, is set to 200 nm or less. 

Furthermore silicon substrate 1 where MOSFET 3, 
insulating layer 5, metallization layer 4 and planarization 
insulating layer 6 were formed at thetime of explaining below, 
is named wafer 14. 

[0016] 

As shown next in Figure 1 (b ), wafer 14 where photoresist 
film 13 was formed isintroduced into RIE equipment of 3 
electrode system, etching is done with etching condition of 2 
kinds. 

As etching gas of first etching condition, etching gas which 
CO adds to mixed gas which contains CHF 3 and 0 2 was used. 

flow of CHFj and 0 2 is each 30 seem and 1.7 seem . 

With this working example as for flow of CO as for frequency 
of the voltage which imparting is done as for 13.56 MHz, 
RFpower it made 250 W in30 seem, side part electrode. 

As for frequency of voltage which imparting is done as for 
100 KHz, RFpower it made 100 W in bottom electrode. 

Part as for etching gas which ionization is done becomes 
plasma state depending upon discharge, contacts with wafer 
14 which is introducedinto RIE equipment, etching does 
portion which is not covered in theinside photoresist film 13 



Page 9 Paterra Instant MT Machine Translation 



JP1994069166A 



12b fcfcHTlfilM 5 A<BdJLfc«t, LT 
frfrJu * l 3>$£M*— ;m« 12a Kfct^r 

[0017] 

— ;UfB« I2brc*JL\Tfiie«lH 5 14 lOOnm X 
^>y*n4A<. tt&ff 5 <7)x^>yiSJtlc 
WfS^ffiiblftJftJl 6 <Z>x^>yiSJta)Jt4< 
5 200nm l£(7)$g&Jf 5 <DBt 

+"ex^>y£jttt£cta<-e£-5 0 

irLTCHFj tikis 0 2 £#*ff 4x-/*>y# 
5sccm t?fe<£ 0 

®\Bn&{zmn£tl& RF /\ Wr 7-£ 200W. T 

8B*tSlcEIiJn**i4 rf /ir?— £ ioow <hU 3 



[0018] 

1 3>*$h*-yUSI« 12a IC j3l^Ttt*Jl 8 *< 

S 2 (DX^^>yft#-C(iJ68Jl 5 

120nm I7f>«*l, 4 fc^tfffi&B 

8 10nm x^^>^*tl-5fc». C<D&#£ 

f*BEi8« 4 (± 8nm X^>y**l4 a 

12 m ULtz 60 fcfcy % E^Jl 4 a)*-/*— X 



1994-3-11 

of planarization insulating layer 6 on wafer 14 with high 
anisotropy. 

first etching is done after insulating layer 5 exposes in second 
8S$c contact hole domain 12b, continuing,insulating layer 5 
exposes until in first contact hole domain 12a, after being 
done, discharge isdiscontinued. 

[0017] 

With first etching condition as for planarization insulating 
layer 6 each minute 150 nm etching it is done, insulating layer 
5 isdone each minute 30 nm etching. 

Therefore, in this time point, in second contact hole domain 
12b, insulating layer 5 is done 100 nm etching,but because 
ratio of etching velocity of planarization insulating layer 6 for 
etching velocity of insulating layer 5 can guarantee 5, it stops 
etching in film of insulating layer 5 of 200 nm thick, it is 
possible . 

At time of explaining below, ratio of etching velocity of B 
generally for etching velocity of A is designated as selectivity 
of the A/B and it names. 

After that, etching gas which contains CHF 3 and 0 2 as the 
etching gas of second etching condition is introduced. 

flow of CHF 3 and 0 2 is each 45 seem and 5 seem . 

In side part electrode RFpower which imparting is done 
RFpower which the imparting is done was designated as 100 
W in 200 W\ bottom electrode, discharge wasstarted by 
again supplying electric power to side part and bottom 
electrode. 

[0018] 

As shown next in Figure 1 (c ), second etching until diffusion 
layer 8 exposes in first contact hole domain 12a it does. 

With second etching condition as for insulating layer 5 each 
minute 120 nm etching it is done, as for metallization layer 4 
and diffusion layer 8 because each minute 10 nm etching it is 
done, as for metallization layer 4 8 nm etching it is done 
regarding second contact hole domain 12b in this time point. 

selectivity of effective planarization insulating layer 
6/metallization layer 4 in this case, it becomes with 60 where 
the integration it does, 12 where it is a selectivity of 5 and 
insulating layer 5/metallization layer 4 which is a selectivity 
of planarization insulating layer 6/insuIating layer 5 eats 
scatter of overetching depth of metallization layer 4 in the 
minimum and stops it is possible . 
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[0019] 

When it tries to form first contact hole 12a and second contact 
hole 12b which are similar to the this working example with 
single etching , 60 becomes necessary as selectivity of 
planarization insulating layer 6/metallization layer 4. 

But etching where selectivity of planarization insulating layer 
6/metallization layer 4 becomes with 60 beingactualization 
difficult, with this working example difficulty is evaded by 
beingable to boil in actualization easy 2 etching. 

[0020] 

As shown next in Figure 1 (d ), it accumulates aluminum (Al ) 
fil m with sputtering method and etching does in 
predetermined pattern and forms upper part metallization 
layer 7. 

[0021] 

In this way, as for first, second contact hole 12a. 12b of 
plural where depth which isproduced differs, overetching 
quantity to metallization layer 4 and silicon substrate 1 
whichare exposed in bottom of contact hole is small, etching 
atmosphere compared to damage and pollution which are 
received are little, Satisfactory contact could be acquired 
between metallization layer 4 which isexposed in bottom of 
silicon substrate 1 or second contact hole 12b which is 
exposed in the bottom of upper part metallization layer 7 and 
first contact hole 12a. 

[0022] 

(Working Example 2 ) 

Figure 2 (a ) - as for (d ) it is a step sectional view of 
formation method of contact hole in second Working 
Example of this invention. 

Figure 2 (a ) - in (d ), same symbol on same place as the Prior 
Art Example which is shown in Figure 3 attaching, it 
abbreviatesexplanation. 

First as shown in Figure 2 (a ), with condition which 
metallization layer 4 and the impurity of width 0.6 ;mu m film 
thickness 0.3 ;mu m which was formed on element separation 
oxidized film 2b of MOSFET 3 and film thickness 0.4 ;mu m 
which were formed on silicon substrate I, making use of prior 
art method doped is not done with CVD method film 
formation insulating layer 5 which consists of silicon oxide of 
film thickness 200 nm which is done and. It consists of silicon 
oxide which boron and phosphorus of film thickness 700 nm 
which was formed on insulating layer 5 with CVD method 
doped is done the planarization insulatina laver 6 which 
planarization is done is formed with thermal processing , 
photoresist film 13 which opened window to first contact hole 
domain 12a and second contact hole domain 12b with 
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photolithography method isformed on that. 

MOSFET 3, with width 0.6 ;mu m is formed from gate 
insulating film 9 of the film thickness 0.02 ;mu m and gate 
electrode 10 of film thickness 0.4 ;mu m and gate electrode 
side wall protective film 1 1 of width 0.2 ;mu m of lower and 
gate electrode upper part protective film 15 of film thickness 
140 nm and diffusion layer 8 of width I ;mu m. 

As for metallization layer 4, with CVD method of film 
thickness 140 nm it is covered with metallization layer 
sidewall protection membrane 17 of width 0.2 ;mu m of 
metallization layer upper part protective film 16 and lower 
whichconsist of silicon oxide which film formation is done. 

metallization layer upper part protective film 16 as insulating 
layer 5 is something which has same etching velocity 
vis-a-vis second etching condition. 

As for film thickness of planarization insulating layer 6 in 
first contact hole domain 12a with 1000 nm , film thickness of 
planarization insulating layer 6 in second contact hole domain 
12b is 300 nm. 

Furthermore silicon substrate 1 where MOSFET 3. 
insulating layer 5, metallization layer 4 and planarization 
insulating layer 6 were formed at thetime of explaining below, 
is named or less wafer 14. 

Next wafer 14 etching is done with anisotropy where portion 
whichis not covered in inside photoresist film 13 of 
planarization insulating layer 6 on wafer 14 by the first 
etching condition is high. 

[0023] 

As shown next in Figure 2 (b ), first etching is done after 
insulating layer 5 exposes in second contact hole domain 12b, 
continuing, insulating layer 5 exposes until in the first contact 
hole domain 12a, after being done, discharge is discontinued. 

With first etching regarding second contact hole domain 12b, 
insulating layer 5 is done 140 nm etching. 



Again after that, etching is started with second etching 
condition . 

[0024] 

As shown next in Figure 2 (c ), diffusion layer 8 exposes 
second etching in the first contact hole domain 12a, 
metallization layer 4 exposes at same time until in second 
contact hole domain 1 2b, it does. 

film which etching is done regarding first contact hole domain 
12a with insulating layer 5 of film thickness 200 nm , is 
insulating layer 5 of film thickness 60 nm and metallization 
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layer upper part protective film 16 of film thickness 140 nm 
with second etching regarding second contact hole domain 
12b. 

Because insulating layer 5 and metallization layer upper part 
protective film 16 because it is constituted from thesame 
material, become same etching velocity vis-a-vis second 
etching condition, diffusion layer 8 in first contact hole 
domain 12a and metallization layer 4 in second contact hole 
domain 12b it exposes simultaneously with second etching . 

selectivity of planarization insulating layer 6/metalIization 
layer 4 on apparent in this case it becomes infinitely Iarge,eats 
scatter of overetching depth of metallization layer 4 in 
minimum and stops it ispossible . 

[0025] 

As shown next in Figure 2 (d ), it accumulates Al film with 
sputtering method and etching does in predetermined pattern 
and forms upper part metallization layer 7. 

[0026] 

In this way, as for first, second contact hole 12a, 12b of 
plural where depth which isproduced differs, overetching 
quantity to metallization layer 4 and silicon substrate I 
whichare exposed in bottom of contact hole quite is small, 
satisfactory contact could be acquired between silicon 
substrate 1 or metallization layer 4 where etching atmosphere 
compared to damage and pollution which are received are 
little,expose in bottom of upper part metallization layer 7 and 
contact hole. 

[0027] 

Furthermore RJE equipment of 3 electrode system was used 

with this working example, as etching equipment similar 

etching is done, but making use of RIE equipment etc of the 

RIE equipment, ECR-RIE equipment, magnetron RIE 

equipment, + low gap system of 2 electrode system it is 
possible . 

[0028] 

Furthermore CHF 3 . 0 : and CO were used with this working 
example, as the etching gas of first etching condition similar" 
etching is done, but C-F connection of at least one making use 
of gas and- CO which it has it ispossible . 

[0029] 

Furthermore with this working example, silicon oxide which 
film formation is done was usedwith CVD method as 
insulating layer 5 and metallization layer upper part protective 
film 16, but with thermal oxidation with the silicon oxide. 
CVD method similar effect can be acquired with silicon 
oxy nitride. CVD method making use of the silicon nitride 
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etc. 
[0030] 

Furthermore with this working example, metallization layer 
upper part protective film 16 and insulating laver 5 were 
formed due tosame material , but it is possible' to form 
metallization layer upper part protective film 16 and 
insulating layer 5 from material which differs. 

[0031] 

Furthermore with this working example, metallization layer 
upper part protective film 16 was formed due to single 
material , butit is possible as structure of 2 layers or more 
which are formed from material of 2 or more" 

[0032] 

Furthermore with this working example, insulating layer 5 
was formed due to single material , butit is possible as 
structure of 2 layers or more which are formed from material 
of 2 or more. 

[0033] 

Furthermore with this working example, insulating layer of 2 
layers of insulating layer 5 and the pianarization insulating 
layer 6 was used, but insulating layer 5 and pianarization 
insulating layer 6 are possible asconstitution of 3 layers or 
more. 

When it it constitutes of 3 layers or more, 3 or more it is 
possible to use the etching condition. 

[0034] 

Furthermore with this working example, etching condition 
where selectivity of pianarization insulating layer 6/insuIating 
layer 5 becomes with 5 as first etching condition was used, 
but it is good even with theother etching condition where 
selectivity of pianarization insulating layer 6/insulating layer 
5 becomes 5 or ereater. 

[0035] 

[Effects of the Invention] 

Like above as for this invention, contact hole of plural where 
depth differs, time wheS: S3 fed conductor substrate or 
metallization layer which takes contact isexposed to etching 
atmosphere is short, contact hole penetrates semiconductor 
substrate or the metallization layer due to overetching , is not , 
semiconductor substrate or metallization layer the etching 
atmosphere compared to decreases damage and pollution 
which arereceived, it to be possible , Satisfactory contact can 
be acquired can actualize formation method of the contact 
hole which is superior. 

[0036] 
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In addition because contact hole where depth differs can be 
formedvvith photolithography process of minimum number of 
times, high yield rate produces semiconductor integrated 
circuit tobe possible, practical effect quite is large. 

[Brief Explanation of the Drawing(s)] 
[Figure I] 

(a ) - As for (d ) step sectional view of formation method of 
contact hole in first Working Example of this invention 
[Figure 2] 

(a ) - As for (d ) step sectionaJ view of formation method of 
contact hole in second Working Example of this invention 
[Figure 3] 

formation method of conventionaJ contact hole is explained 
figure 

[Explanation of Symbols in Drawings] 
1 

silicon substrate (semiconductor substrate ) 
I2a 

)\s first contact hole (contact hole ) 
12b 

second contact hole (contact hole ) 
13 

photoresist film (etching mask ) 
2a 

element separation oxidized film (protective insulating film ) 
2b 

element separation oxidized film (protective insulating film ) 
4 

metallization laver 
5 

insulating layer (first insulating film ) 
6 

planarization insulating layer (second insulating film ) 
[Figure 1] 
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[Figure 2] 
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[0 0 0 8] *38WOB«tt±ISlS£*©SWS«fft-r* 

S^>07* h'JV^^^^XgCiOlgin^^ 

h *-jucDjgriws*ii«-r * t * a » t r a. 

[0 0 0 9] 



2®2HffljS(oiejftsicjsaoa^*n>^^ k^-ju 

SlDS flfcx y f Si UTS 1 ©I y f >y S 

i0 [0010] 

«S&»4E»B*»Xy^>yatHaK«an5I^M«JjB 

* ttSJSUH s**tfe »t a c t a»a < * o , 
[ooii] a**5sw*6ta, ii0i-y?>y©i 

yf>milTCHFi . Oj*<fctfCO£3« 
[0 0 12] 





mi 


«2' 


x-v^y Vis?* 

• 

$jftS(sccm) 


CHFs 


3 0 


3 0 


02 


1. 7 


2 


CO 


3 0 


5 0 


(nm/min) 


BPSG 


1 6.0 


1 2 6 


HT0 


2 7 


2 1 


SbN< 


2 9 


2 2 



[0 0 13] TfcfrS* S20tfi»SSBPSG, SB1 
Wlftj&BSHTOifcttSflsS* (Sis NO 

[0 0 14] 



[0 0 15] (%%m) HI (a) - (d) \t*%W 
50 IgW0TS^>. 0 1 (a) - (d) t45ViTBI3tC 
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(4 

5 

Ts. srai (a) tsri-5ic *>u^>ssi± 
% =f ftmmtm 2 b ±\zm$. £ n^so. e ^ orao. 3 m m 

•fcoT^SSttfcJRJSttOOna ©»ftg*j6>Sfc*ie]ftJB 
5t, lfi»JB5«)±CCVDttlcj;-3T»dESnfcR» 

^ 2 a ££1/3! 2 3 >^ h 

*1 2 bfc.«£BBttfc:7a- hUz?7> hKl 3*«»*sn 
<5, MOSFET 3 fi, SO. 6/iDiKJPO. 02mb MSBftR 
9 >, B#O.4*zm<0dr— h«ffil 0 <t, T*O*0.2/zm 
coy-h«JM«1g££i 1 KlMn®ttfl»8.tD#b£ 
SnT^S, m h*-;Vg^i 2 aK£tt£ 

T©KKfC*^T, MOSFET 3, *&g,!5. ffi«S4i5j; 

L<¥Sfl:*eSJB 6 tft##Sft&S/ u n >Sfi l £^xa 

1 4 tftrrs. 

[0 0 16] *l:Hi (b) \Z7r,t£o\z7*hVz/7s 

hSl 3 **;gJ58 *nfc^7x A 1 4£3m&;#5££>R I E 

SBrttWAU 2«jB<oxyy>^&fre«fcDxy5 i 

ttn chf 3 *3<t^02*-&^r-r*ig'&^xicco 

!S«SJDL&Xy?>^SfflWc. CHF 3 -fcilXO 

2 <28SS«, ^^30sccmi3ctL<1.7sccin *^18 30 
0!lTfiCOOiSitt3Osccin, MS8«ffilc8ianT5«JEE0!) 
^&f&'r3;13.56WHz, R FA7 — B:250WiL&. ToKSS 
iCEqlJnT^^EcO^SStiilOOkHz, R F A7— lilOOWt 

A14>S»U ^i/\14J:«eS6^7 
* h U vA h& 1 3 £HfcttT^fc^S££iBV>S£& 

$5 h^-jvmmi 2 blc43ViTte»H5^BttJLfc^ 

[0017] si©xy?>^ftftTtt¥aftiaaus6 

?>^£tl*. bfcA^T, £tDPS,«fc:fe^T£2:3> 
h*-;t^ti 2 blC43(riT»a»jRJS5K100nn X 

y?>yan**«, «»/H5©xy^>^ajssK:j*-r'5 
¥Sfl:*e.»B 6 ©xy5 L >^afl[©jt*«5 *a«-c*<5 

fc»200nn J9^.(gjftS 5 CD&^TXy ?>^£it#£ d 



) &0H¥6-69166 

> ^ as \z *rr 4 b co x ^ ? > ^£g& <d& s a / b o& 

Kittfrf* ^<E>&, ffl2<7>Xy?>^& 

frOXy^I/^tf^fcLTCHFj tiklfOz 
ZXyrytfXXZmAtZ. CHFsiiffOi cojft 
5t£, ^&^r45sccm*<t^5sccm WSSftHfcBJllI] 
Sn«RFA7-S200ff, TIMSfcftJnSttSR FA 

[0 0 18J#:CH1 (c) lCSr±3C, »2©Xy 

»JB5tt*$K20Da X 7 ?>^n, E»S4fi < fer«t 
«S8tt*4M0nmXy?>^ansfc», Cl©«f^lcA 
v>Tfg2 3>^ h*-;i^i£i 2 b Icfc^TttEfca 

lftjftH6/B«Ji4<DaWtt:tt, ¥£rt:*gS;g 6 /IBS 
JB 5 CD&2?ifcT&£ 5 ttmm 5 /E*JB 4 (DMftitT 
$>Z>1 2%m&bfz6 0 EttB 4 CD*-A-X 

[0 0 19] *-<7>X^^>^c±0*HSS^Jt^co 
f&ln>?i? h*-;H 2 a£J;tf£2n>^ h*— 
;H2b6Ml/±3il/&f^, ¥Sft*fi»i6/E 
«»4<0jI&tt£LT6 Od*#KifcS. b^Utt^S 
¥Sftl6»JB6/E«a4 0BKifc3j«6 OtWi^r 
>^«^SMT^0, *^SS^Ttt^^B^2O0 
Xy^>yfCt)ttSCtCctD-t-OH»tt*|5iaLT^ 

[0 0 2 0] &\z%ll (d) ic^-Tckplc, XAy^ffi 
t±D7;PS (Al) BtS*aL0T«fiE)A^->lCXy? 

[0021] c3bTf^»snfcss©aa§a»^ 

1, S2^>^h*"JH2a> 12bli n>^^ 
h *-JKOJK t »a bfe§E^>l 4 43<fclX^ U n >SS 1 
^<^^--/\'— Xy?>if&&'pte< % X.y 

>^ 1 3>^^ K*-jH 2 aOjfitStilLfc^Un^ 
Sffil *fc»4Sg2 3>^^ h*-;H 2 bcOJglCgtfJL 

[0 0 2 2] (^3S#J2) [32 (a) - (d) \Z&&m 
<DfH2<D$zmm\Z$$ftZ>Zl>jrt? hft—JV<DBlSLJ}&<D 

02 (a) - (d) l;:4oV>T, 0 3 

3§r^>o S-T02 (a) irSTi^l^ ->iJa>Sfil 
cO±lr, «e*aSffl^T*jSSnfcM0SPET3 iKJ¥0.4 
MinO*Tp»)Baft0l2 b±lC^$nfc«0.6MBaff 

IfiakfflSi, ffijSS5©±lcCVDffitJ:^T«J5t!c$n 
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j£$ftT&r). ^- CD -hie 7* h'J Vi^57-f ffiCJtOS 
1 a>^i7 1 2 a^y5g23>?^ 

—hffiS. 1 2 bld&SrBBtffc?* h VVX hm 1 3tW£ 

J5**n-S. MOSFET 3 H. flgO. 6y 02 um ©y— 
h*6fiUK9i. K^0.4M2iOy-haffil Ot, T#© 

■1i0.2yincoy-N*SfflM«Sail It. KJPl40na © 

y- f»sa±gs«SK 1 5 1. «@i/ii©ffi»[,i8«fco^ 

iT^F©S0.2/zmOSS®ffl!ia«SKl 7t«fcoTgt) 

n-c^s. s«fi±»ftaMi 6 a. m2cox-^5 1 >f 

31 1 ziy$$ h 1 2 alCi5tt-5¥S 

ffc*giSH6©^K1000niiiT&D, ®2r3>^^h*- 

2 b{C*^4TaftJ6BUB6ORfftt300iiB T 

*S. U^ZTf (OWimz^X . MOSFET 3, I6&JB5, 

esjb 4 &zz}-¥-mt&mm 6 «snt-/ u n >g 

£ 1 SRT^i A 1 4 i»t4. *C9xA 1 4 SSI 20 

<Dft7* V VVX hm 1 3 e«frtt-Ct»fcV»ffi#jWS^ 

[0 0 2 3] >Xizm2 (b) t*-r«fc5fc. Sgl©X«y 
f>^23>5'^h^-J^l 2 b t*V»T*fi» 

nm&^gr-tZ. & 1 <DXy^y if \z£K)&2 3 
h*-)l<mi&l 2 bK&H-DS, IgilUl 5 ttl40n 
m X^x>y^tl-5 a ^-©&. ^2C0X-7 5 L >i/^fr(C 

[0 0 2 4] ^lC!a2 (c) IC^-fipiC, JfS2©Xy 
?>^Jgl h^-;pffl«i 2 afCiJ^Tffija 

l8* ! giilU «oS2 3>^i? h*-;U^l 2 blc 
*3v5-ciH^a4*Jgffl-r5STfx-5. S2 0X7f>? 

S3cl 2 al;33HT«8#200nin ©Jfe&Jf W, 
IZiyZZ h^s-;US«l 2 bC:feV>T«JKJ560niii©& 
ftfi 5 tMif 140nm ©EfgMl±3gft3]K 1 6T*4. *g 
•SS 5 ig£$8S±S3£gK 1 6 \tm—tt&fr*>m8L2n 40 

miziy?? b*—)V&l$l 2 ale 

(t-5E$8S4^2©X-y5 L >^(r±- 3 T^tC®tii-r 
£. ^©^-§-©^!t±©¥S-ffc*e&® 6/E£gJi4© 

[0 0 2 5] ifcl;:H2 (d) IC^-Ti5lC, 
!CiOAlSgS-Ji^U^!£©/^->^Xu/^>^LT± 



J &BB¥6-69 166 

[0026] L-T^Ksnrcs?*©s^2»a[&©^ 

1 . 5g23>^J h*-JH 2 a, 12bli 3>^^ 

h *-;u©j£ir®tij L/tE«,l 4 i3<tt,c-> ij ^ >gg i 

[0 0 2 7] fc^iUJgmMi, X'y?>^gSiLt 
3«ffi^S©R I E8B£JBtr»fcj&t. 2mS^3:©R I 
Egg. ECR-RIEgl, vnhn>RIEg 
B. tn-^ty^OR I ESSS?£JflV>Tt>I^SI 

<DXy?>?$:ffz> Z\ti*V%5. 

[0 0 2 8] £*#5UB0mi. m 1 CIyf>^ 
©l7f>miLTCHF, . O2 teZVCOtm 

[0 0 2 9] ft*#38fi0»T», !MUB5£«ktfE*fl 

-hffl&SBIl 6iLTCVD&fc£oTJ^sn&8Ml: 

[0 0 3 0] fcasfc&ttWTK. E£Ji±8ftaXl 6 
t*ftSUB5SH-«»K:±D#|jabfc*i, EHil±SS# 

ski ettmms&mfczttmfrzmi&LTbi:^. 

[0 0 3 1] ft*3*#a609T«. E8M±fffia«'l 6 

sn<5 2sa±©«BstUTt>«tw. 

[0 0 3 2] ifefi**lfifiB|Ta, JftaUB5 ft*— SSfC 
[0 0 3 3] fciM^JSPJTHU *g.^®5 t¥S-ffc*6ak 

€ 6 © 2 ®©|gS©^^ifc*i, *e^s 5 t¥-mts&& 
I6li3I«±C0MiLTt)J:K 3JB£U:Ol»j«i 
bfc^. Xy5 1 >^fr^3t3£[± / ^t>TfciU. 
[0 0 3 4] tZte^Mm-Zte, 3il<DX.y 
t LT¥mtim% 6 /IgfiS 5 ©S^ifc^ 5 >7S^X 

y?>^frs«t^cd<. ¥Sft;ie.ikS 6 5 © 

IStt*' 5 fiLh t tt Z> ffi© X y =ry t> «fc 

[0 0 3 5] 

*fc(iEI8^^Xy5 ; >^H^tc^$n.5^r B ^5S 

<, 3>^i? h*-;W^-A*-X-y5 L >^{C t fcD^^ 

[0 0 3 6] itaBSoa/5:<53>^^ hj|t-;i/ft«/h 
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(6) 



4$ffl¥6 - 6 9 1 6 6 



CHI] (a) - (d) tt*J8WO»lCD**WK43^ 
[0 2] (a) - (d) \t*&W<Dm2<D^l&mzi$rt 
[03] tK*©3>^^ h*-;KD«jBi)6*aSKWT« 



10 



20 



1 

2 a 
2 b 
4 
5 
6 

1 3 
1 2 a 
1 2 b 



. (SBi 



[01] 



[02] 



[03] 



/3 \U 13 i lib 13 





U $tf<??b { fd l?b4 5 
— ^ ' 

3 




fa 7 6 fZ h 




fefl 11 9 & if tJlh + S 
n3 



(#52(fc«jR) 

4 

/2i> t&Zl><99hfa-fo 



/3 ' L ' 3 \jJj /3 



s5 




/4 



3 n 76 



/3 





1 3 



/4 



/3 /2a /3 <5 "r"i3 



lib 
/r 




IZa 7 lib 




3 
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